Neuroemergencies are life-threatening situations in which, whatever the cause, common pathologic phenomena result in secondary brain lesions. The goal of critical care management is to stop these self-aggravating processes as soon as possible. Initial resuscitation is devoted to control of the airway and hemodynamic and hydroelectrolytic stabilization. With mass lesions, minimal computed tomographic exploration immediately precedes surgical decompression. Further critical care adapted to the child's needs requires multimodal monitoring. Normoventilation, deep sedation, osmotherapy with mannitol or hypertonic saline solutions, and optimization of mean arterial pressure are the basis of management. A purely pressuredriven approach aimed at controlling cerebral perfusion pressure could be potentially harmful, and associated measurement of blood flow velocity with transcranial Doppler and jugular bulb oxygen saturation monitoring allows an approach to cerebral blood flow and metabolism. Outcome can be improved in dangerous situations such as severe brain injuries, cerebral arteriovenous malformation rupture, status epilepticus, and acute hydrocephalus, provided that emergency management could be applied efficiently. Traumatic brain injury (TBI), tumoral intracranial hypertension, acute hydrocephalus, rupture of cerebral arteriovenous malformations, and convulsive disorders are common neuroemergencies putting the brain at risk of self-aggravating lesions. The goal of initial critical care is to stabilize and prevent secondary brain lesions. At least, it must gain the time necessary to perform minimal computed tomographic exploration before emergency surgical decompression, when indicated.
General principles of critical care management Common principles of treatment of evolving brain lesions
From the first minutes following the occurrence of neurologic distress, increased intracranial pressure (ICP) and blood-brain barrier dysfunction result in secondary self-aggravating brain lesions. A first approach to diffuse edema and swelling is to control ICP and cerebral perfusion pressure (CPP), with mannitol for decreasing brain water content and hyperventilation for decreasing cerebral blood flow (CBF) and volume [1] . This pressuredriven therapy does not take into account coupling of cerebral metabolic intake to cerebral metabolic requirements (CMRO 2 ), and could result in cerebral ischemic lesions [2] . Harmful decreases in regional CBF have been demonstrated in hyperventilated head-injured children [3] , and low initial CBF has been specially noted in children under 2 years of age with TBI [4] .
In diffuse brain swelling, increased cerebral water content is the main pathologic process, associated with vasoplegia and increased cerebral blood volume, both resulting from an acute metabolic disturbance [5,6•] . This lesion is twice as frequent in children as in adults, but pure hyperhemia is not so frequent, and hyperventilation should not be used without control [7•] . It is difficult to determine the most frequent hemodynamic profile of pediatric TBI, since normal CBF varies according to age and CMRO 2 , and cerebral hemodynamics have wide time-related variations in the same patient [4] . In children with diffuse injuries, 10% could have a permanent ischemic profile on jugular bulb oxymetry (SjvO 2 ), 40% a normal mean profile with transient episodes of ischemia or increased SjvO 2 , and 50% a high mean SjvO 2 with time-related variations [8] .
Hyperventilation efficiently decreases ICP but could precipitate ischemic lesions in areas with low CBF [3, 9] . The key issue is to determine the threshold value of 81
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Philippe Gabriel Meyer, MD, Sarah Ducrocq, MD, and Pierre Carli, MD CPP for achieving, in the range of CBF autoregulation, an adequate coupling of CBF to CMRO 2 . Optimizing CPP above the threshold value for ischemia might not be sufficient to reach the threshold values of CBF autoregulation [10] . Additional increases in CPP could be necessary and will not result in harmful hyperhemia, provided that vasoreactivity is preserved [11] . The loss of cerebral reactivity is an important predictive factor of mortality in head-injured children [4, 8] . Carefully titrated hyperventilation in some instances is efficient in optimizing CPP and will not result in harmful reduction of CBF if the range of autoregulation is preserved [12] . Unfortunately, the injured brain cannot be considered as a whole [3, 9] , and decreased cerebral oxygen extraction with high SjvO 2 is not always related to hyperhemia, making therapeutic decisions difficult [13•]. However, a general, step-by-step therapeutic strategy, illustrated in Table 1 , can be drawn from this knowledge and must be adapted in changing situations [8] .
Emergency resuscitation

Assessment of neurologic distress
In life-threatening situations, evaluation of the level of neurologic distress can be resumed with determination of the Glasgow Coma Scale (GCS) score, evaluation of pupillary diameter and reactivity, and examination of the brain stem reflexes. In less dramatic situations, the examination will search for clinical evidence of increased ICP, determine its course (Table 2) , and evaluate associated focal deficits. When diagnosis is delayed, the observation of a triad of Cushing, a decorticating or decerebrating posturing, calls for immediate initiation of critical care management.
Assessment and stabilization of respiratory distress and induction of anesthesia
Hypoxia and hypercarbia are major secondary brain insults that could be subtle to detect in children with obtunded consciousness. This can lead to dramatic errors and delayed control of ventilation in children with severe neurologic distress. Secondary cerebral insults of systemic origin that will quadruple mortality could still be present on admission to the hospital in 35% of the cases [14] . Early endotracheal intubation and controlled ventilation are mandatory in children with a GCS score of 8 or less. Anesthesia induction is necessary prior to intubation, since reactions to laryngoscopy and intubation can be noted whatever the GCS score is [15] . The induction sequence must balance the need for deep anesthesia and maintenance of CPP, with the risk of aspiration of gastric contents and hemodynamic instability. A rapid-sequence induction with thiopental and succinylcholine, or a shortacting nondepolarizing relaxant such as rocuronium, and opioids is preferred for hemodynamically stable patients [16, 17] . Thiopental as well as propofol are unsuitable in hemodynamically unstable patients and can be replaced by ketamine [18] . As previously underlined, many efforts must be undertaken in the area of pediatric on-scene resuscitation before the needs of the child are met [28] .
Assessment and stabilization of circulatory distress and fluid management
Preserving an adequate MAP is essential in children with increased ICP, since variations of MAP are critical for CPP. Hypovolemia is frequent but is difficult to recognize because the child is able to preserve MAP using reflex vasoconstriction and tachycardia [29] . Acutely raised MAP with bradycardia resulting from protective adaptation to brain herniation must be respected until decompressive treatment can be achieved. Physicians might differ fluid loading because they think (and fear) that it could increase cerebral edema; this is an error of management [30] .
The choice of the best fluid to perfuse for vascular loading is important but still debated [31] . Colloid, mainly hydroxyethyl starch, could be advantageous because it does not increase cerebral edema, and, compared with crystalloid, two to three times less volume is needed. Serum albumin must be reserved for small children and infants in special situations [32] . If crystalloid is used, isotonic normal saline must be preferred to lactated Ringer solution [8] . Hypertonic saline solutions could improve hemodynamic status and have a positive impact on raised ICP [33] . These substances represent a valuable alternative for fluid loading but probably are best used for basal fluid maintenance in children with increased ICP. When persistent cardiovascular instability despite adequate fluid replacement is noted, vasoactive drugs, dopamine, or epinephrine must be used for optimizing MAP in the range of cerebral autoregulation [10,11]. There is no actual evidence that increased MAP can be recommended routinely in children [22] .
For fluid and electrolyte maintenance, the choice of hydroelectrolytic solutions is critical. Decreased oncotic pressure will only result in peripheral edema, but decreased osmotic pressure will result in both increased cerebral water content and peripheral edema (Table 3) . The deleterious effect of glucose on cerebral lesions is well known, and resistance to insulin is frequent during the acute phase [34] . A minimal plasma osmolality of 300 mOsm/kg is the goal of fluid and electrolyte maintenance using isotonic and glucose-free solutions within the first 24 hours [35] . Hypertonic solutions could have a place, which will be discussed later.
Medical management of brain edema and neurologic distress
Rapid infusion of mannitol 20% induces water transfer through the intact blood-brain barrier and decreases total brain water content and volume [36] . The risks of increasing bleeding from intracranial hematoma are more theoretical than clinically relevant, and mannitol could be used as a life-saving therapy before craniotomy. Rapid infusion of hypertonic saline solutions has a positive impact on ICP, comparable to that of mannitol [32] . The most important effect could be an increased osmolality resulting in best control of ICP [37•,38]. Severe symptomatic hypernatremia, renal disturbances, and centropontine demyelination have not been described with continuous low-dose infusion [37•]. Well-designed studies are still lacking to recommend a wider use in pediatrics, but it could be a valuable therapy to optimize MAP and then CPP, in the presence of associated hypovolemia and increased ICP [8,38,39•].
High-dose steroids have no demonstrated efficiency in traumatic edema and should not be used. Their efficiency is obvious in tumor-related edema, especially from malignant tumors, where they could restore blood-brain barrier permeability and metabolic function [40, 41] .
Decreasing electrical cerebral activity and CMRO 2 could be useful in reducing secondary brain lesions. General anesthesia, but not myorelaxants alone, will decrease total CMRO 2 and blunt ICP peaks related to stimuli without deleterious effects on CBF if CPP is maintained at a constant level [8] . High-dose thiopental induces cerebral vasoconstriction and decreases ICP and CMRO 2 more than it decreases CBF if the range of autoregulation is preserved. A trial of bolus doses determines the good responders who will best benefit from this therapy [42] . 
Acute presentation of brain tumors
In children with brain tumors, especially posterior fossa tumors, the presentation is, in most cases, less dramatic.
A long history of headaches and vomiting associated with diplopia and ataxia is the key to diagnosis. In small children with progressive raised ICP, repeated vomiting, neglected or treated as a manifestation of a gastrointestinal condition, can result in hypochloronatremia, dehydration, and hypovolemia that must be carefully checked out and compensated. Most of the time, the increase in ICP is progressive, and the signs of acute intracranial hypertension will not appear until acute hydrocephalus resulting from obstruction of the cerebrospinal fluid drainage pathway is present.
Subdural hematoma in infants and toddlers
Subdural hematoma can be responsible for important blood spoliation relative to the child's blood volume. Associated skull fracture can allow subcutaneous drainage of this hematoma before brain compression occurs. Hypovolemia and acute anemia are frequent and require a precise compensation [52] . Local examination must carefully assess associated bruises or contusions that might indicate child abuse, which remains the first cause of subdural hematoma in children. Diffuse extra-axial lesions can be associated, indicating a "shaken baby" syndrome. These lesions carry a high risk of recurrent seizures or intractable status epilepticus, resulting in mental deficiency in 45% of the cases [53].
Control of seizures and status epilepticus
Recurrent seizures can be observed in many pathologic processes and result in major increases in ICP, abruptly raised CMRO 2 , and cerebral edema. Nonconvulsive status epilepticus, found in 8% of neurologic patients with coma [54], can be responsible for intractable intracranial hypertension, despite an otherwise adapted therapy. Emergency treatment of seizures must be a step-by-step 
Conclusions
Management of neuroemergencies requires a critical care strategy applied by a specialized multidisciplinary team. It has to be initiated as soon as possible to limit the occurrence of secondary brain insults. The quality of initial management is determinant for improving survival and functional outcome. Despite many advances and improvements in neurologic monitoring, all monitoring techniques carry their own specific limitations and require specialized personnel.
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